We have recently reported that introducing "edge-nitrogen" to the carbon surface is an effective way to give ORR activity to carbons 9).
Furthermore, it was also revealed that the activity was enhanced by the simultaneous doping of boron and nitrogen to carbon materials (BN-doped carbons) 10).
Mechanochemical alloying is expected to be a new innovation in the production of non-conventional materials, which has also been applied to graphite 11)-16) and carbon nanotubes 17), 18), in order to construct novel nano carbon structures 13), 14) B 1s and Nls XPS spectra of the MA-20 are presented in Fig.3 (a) and (b), respectively. Although the B 1s spectrum appeared to be bimodal, it was divided into four elemental sub-spectra as shown in Table 2 (a), for the best fitting. The B-I component with the lowest BE was herein assigned as being boron atoms connected to carbon atoms (BN2C or BC3, 189.5 and 189.4 eV, respectively) 24).
The B-II component was assigned as the boron atoms connected to Five sub-spectra were needed for the complete retrieval of the original N1 s spectrum, of which the assignments are presented in Table 2 The XPS N/C surface ratio of MA-20 was 0.09 as presented in Table 1 , which was 1.8 times that of the previous BN-doped carbon.
However, the ORR activity of the present BN-doped carbon was Further studies are undertaken in our laboratory.
Of course the activity of the present samples are too low to be used in the real PEMFC in the present form, which is clearly observed when the voltammograms are compared with that of an commercial platinum catalyst (EC-10, Electrochem. Inc.) designated as 10% Pt/C in Fig.4 ; however, we would like to emphasize the fact that the ORR activity can be enhanced by the mechanochemical doping of boron and nitrogen into a carbon material. We believe Preparation of BN-doped carbon blacks by mechanochemical alloying of carbon and h-BN and its use as a catalyst for the oxygen reduction there is still some room for improving the activity in, for example, changing the amount of h-BN added to carbon blacks and/or heattreatment of the carbons. Further investigation into the factors influencing the doping level as well as the heat treatment are now being studied in our laboratory, and the results will soon be reported.
